Background: Increasing antibiotic resistance is recognized as a major threat to global health and is related to antibiotic prescription rates in primary care. Shared decision-making (SDM), the process in which patients and doctors participate together in making decisions, is argued to possibly promote more appropriate use of antibiotics and reduce prescribing. However, it is unknown whether in practice fewer antibiotics are prescribed where more SDM takes place.
Introduction
Increasing antibiotic resistance is recognized as a major threat to global health. 1, 2 Antibiotic resistance rates are higher in countries with high antibiotic use and prescription rates. 3 The Netherlands, the setting of this study, has relatively low antibiotic use in primary care. 3, 4 Still, antibiotic prescription rates can also be improved in the Netherlands, as there is considerable variation among Dutch general practitioners (GPs) in their adherence to clinical guidelines when prescribing antibiotics. 5 For specific conditions, GP prescription rates are up to 59% even if antibiotics are not indicated. 6 When deciding about prescribing antibiotics and other drugs, benefits should be balanced against the risk of side effects (for example, rash or stomach upset) for the individual patient. Additionally, especially for antibiotics, the contribution to antibiotic resistance should also be taken into account. A possible opportunity to better consider this trade-off between benefit and harm of antibiotics is provided by shared decision-making (SDM). 7 SDM is the process in which patients and doctors make decisions together. 8 In general, if patients are more involved in the decisionmaking process, they tend to make more conservative choices. 9 The degree to which SDM takes place varies between patients 10 and between physicians. 11 For example, younger patients, women and more highly educated patients prefer a more active role in decision-making. 12, 13 Moreover, decision-making style is influenced by, for instance, the doctor's age, 14 social participation, 15 background, training, practice volume and professional autonomy. 16 SDM is especially advocated when deciding between 'preference-sensitive' options: decisions that depend on patient preferences because the clinical evidence does not clearly support one of the options. Common examples are benign prostate enlargement and chronic back pain. 17 In the context of prescribing antibiotics in primary care, situations for which clinical guidelines do not give clear recommendations to prescribe antibiotics or not can be considered preference-sensitive. 6, 18 For example, for a woman with a urinary tract infection who is otherwise healthy and not pregnant, antibiotics can be considered according to the guidelines (Table S1 , available as Supplementary data at JAC Online). This can be considered a preference-sensitive situation. SDM is argued to possibly promote more appropriate use of antibiotics in primary care 19 and expected to result in fewer demands for antibiotics in the future. 20 Interventions that promote SDM have been shown to reduce rates of antibiotic prescription in primary care in Europe and Canada in the short term. 7 Accordingly, it can be expected that in practices where more SDM takes place, fewer antibiotics are prescribed, but this relationship has not yet been investigated. In practices with a high level of SDM, younger and female patients are more likely to participate in decision-making than older and male patients because of their preference for a more active role in decision-making. 12, 13 Consequently, the level of SDM is expected to more strongly affect antibiotic prescriptions in younger and female patients. In this study, we therefore investigated to what extent SDM in general practices is related to antibiotic prescription behaviour and whether this relationship differs between subgroups of patients.
Materials and methods

Study design
A combined dataset from the Dutch Health Care Consumer Panel of the Netherlands institute for health services research (Nivel) and data from the Nivel Primary Care Database 21 (Nivel-PCD) was used. A questionnaire survey was conducted among members of the Consumer Panel who were all registered as patients in one of fifteen general practices that participate in the Nivel-PCD. Answers to the questionnaire were used to estimate the level of SDM at the practice level. Next, we used routine electronic health record data from these 15 practices, provided through Nivel-PCD, to analyse antibiotic prescribing. This allowed us to relate the level of SDM in practices to antibiotic prescribing at the patient level. The study design is summarized in Figure 1 and data protection is described in Table 1 .
Dutch Health Care Consumer Panel
The Dutch Health Care Consumer Panel aims to measure the attitudes towards, and the knowledge of, healthcare as well as the expectations of, and experiences with, healthcare among a cross-section of the Dutch population (for more information see Brabers et al.
22
). All 2670 panel members selected for this study were recruited via the above-mentioned 15 general practices participating in Nivel-PCD. The selected panel members received a questionnaire about, among other issues, SDM in January 2017. According to their previously stated preference, 1006 panel members received a questionnaire by post and 1664 through the internet. Panel members were free to answer the questions. One postal reminder (after 2 weeks) and two electronic reminders (after 1 and after 2 weeks) were sent to panel members who had not yet responded. After 4 weeks, the questionnaire had been returned by 1199 panel members (response rate 45%).
Nivel-PCD
Nivel-PCD collects data from routine electronic health records of a large and dynamic pool of general practices across the Netherlands over time. Data comprise information on consultations, morbidity and prescriptions. Morbidity is recorded in each consultation using the International Classification of Primary Care (ICPC) version 1 codes. 23 Consultations were grouped into illness episodes. 24 Prescription data were recorded using the Anatomical Therapeutic and Chemical (ATC) classification. We used electronic health records data from 2016 of the whole practice population of the 15 practices (practice population varied from 2057 to 8817), from whom we selected patients with relevant illness episodes (see below).
Study sample
The study sample consisted of the 8192 adult registered patients from the 15 selected general practices (218 to 1253 per practice) who, according to Nivel-PCD, contacted their GP in 2016 for: (i) acute cough (recorded using ICPC codes R05-acute cough, R71-whooping cough, R77 laryngitis/tracheitis and R78-acute bronchitis/bronchiolitis; 31% of the patients); (ii) acute rhinosinusitis (recorded using ICPC codes R09-sinus symptom/complaint, R74-upper respiratory infection acute and R75-sinusitis acute/ chronic; 34% of the patients); or (iii) urinary tract infection (recorded using ICPC codes U01-dysuria/painful urination, U02-urinary frequency/urgency, U71-cystitis/urinary tract infection; 36% of the patients). van Esch et al.
These illnesses were selected because of their known substantial proportion (at least 20%) of episodes for which antibiotics could be considered. 6, 18 Of the selected patients, 30% had more than one relevant illness episode in 2016. For these patients, we selected one episode randomly.
Measurements
Antibiotic indication (to define preference-sensitive situations)
For acute cough, rhinosinusitis and urinary tract infection, the indication for antibiotics depends on, for example, the patient's age and comorbidity [according to Dutch clinical guidelines developed by the Dutch College of General Practitioners (NHG)]. [25] [26] [27] We therefore evaluated the relationship between SDM and prescribing of antibiotics separately for: (i) episodes for which antibiotics could be considered (preference-sensitive situations); (ii) episodes for which antibiotics were indicated (should generally be prescribed); and (iii) episodes for which antibiotics were not indicated (should generally not be prescribed).
We determined whether an antibiotic was (possibly) indicated for each episode of illness using the patient's age, gender, morbidity data, laboratory test results and prescription data from Nivel-PCD. Episodes for which an antibiotic could be considered, according to the guidelines, were considered preference-sensitive. Table S1 (taken from Brabers et al.
18
) provides an overview of all relevant guideline recommendations and definitions that were used to estimate the indication for antibiotics.
Antibiotic prescriptions (dependent variable)
For each selected episode of illness, we assessed whether or not an antibiotic (ATC subgroup J01) had been prescribed using Nivel-PCD prescription data, linking prescriptions to episodes based on dates and ICPC codes. This outcome (antibiotics: yes/no) was used as the dependent variable.
SDM (independent variable)
SDM was assessed in the Consumer Panel questionnaire with a validated nine-item questionnaire, the SDM-Q-9. 28 The SDM-Q-9 consists of nine statements, which can be rated on a six-point scale from 'completely disagree' (0) to 'completely agree' (5); see Table 2 . The Dutch version of the questionnaire is validated and found to be suitable for use in Dutch primary care. 29 For respondents with at least seven valid answers, SDM scores were calculated as described by Kriston et al. 28 (range: 0-100, where 0 indicates the lowest possible level of SDM). Subsequently, average SDM scores at the practice level were calculated. The average SDM score at the practice level was included as an independent variable. Additionally, control variables were included. ICPC codes of episodes were included as prescription rates may differ between conditions, even after taking the indication for antibiotics into account. 6 Furthermore, age (in four categories: 18-39, 40-64, 65-74 and .75 years old) and gender were included because of their relationship with preference for SDM.
12,13
Statistical analyses
First, descriptive statistical analyses were performed in order to gain insight into the number of relevant illness episodes, the indication for antibiotics and the GP's prescription of antibiotics. Next, logistic multilevel regression analyses were performed to investigate the relationship between SDM and prescribing of antibiotics. Three models were built to test the relationship between SDM and prescribing of antibiotics for: (i) episodes for which antibiotics could be considered (preference-sensitive situations); (ii) episodes for which antibiotics were indicated; and (iii) episodes for which antibiotics were not indicated.
The models contained two levels, as the data are hierarchically structured with patients nested in general practices. A multilevel analysis takes into account the nested structure of the data as well as the differences in the number of patients per practice. We included the GP's prescription of antibiotics as the dependent variable and age, gender, ICPC episode, SDM Dutch law allows the use of extracts of electronic health records for research purposes under certain conditions. According to Dutch legislation, neither obtaining informed consent nor approval by a medical ethics committee is obligatory for this kind of observational study containing no directly identifiable data. 36 With respect to Nivel-PCD, participating general practices were contractually obliged to inform their patients about their participation in Nivel-PCD and to inform patients about the possibility to opt-out if they objected to their data being included in the database. This study has been approved by the applicable governance bodies of Nivel-PCD under no. NZR-00317.020. Data of the Dutch Health Care Consumer Panel are processed anonymously and the data collection is registered with the Dutch Data Protection Authority (no. 1262949). In addition, a privacy regulation is available for the Consumer Panel in general, as well as for the recruitment of patients via general practices participating in Nivel-PCD. According to the Dutch legislation, neither obtaining informed consent nor approval by a medical ethics committee is obligatory for carrying out research on the panel. 37 All panel members included in this study gave written informed consent to combine their answers on questionnaires with data about their healthcare use as registered by their GP participating in Nivel-PCD. For the present study, data from Nivel-PCD and the questionnaire were linked by an employee of Nivel who does not work for either Nivel-PCD or the Dutch Health Care Consumer Panel. In the resulting research file, patients were marked with a project-specific random ID to guarantee patient privacy. My doctor precisely explained the advantages and disadvantages of the treatment options. 5
My doctor helped me understand all the information. 6
My doctor asked me which treatment option I prefer. 7
My doctor and I thoroughly weighed the different treatment options. 8
My doctor and I selected a treatment option together. 9
My doctor and I reached an agreement on how to proceed.
Antibiotic prescribing and shared decision-making JAC at the practice level and the interactions age-SDM and gender-SDM as independent variables. These interactions were added because SDM was included at the practice level and SDM behaviour is known to be related to age and gender. The interaction terms enabled the testing of possible differences between groups in the effect of SDM (at the practice level) on antibiotic prescriptions at the patient level, using age and gender at the patient level. All analyses were performed using STATA, version 15.0 and the level of significance was set at P , 0.05.
Results
Descriptive statistics
In almost half of the illness episodes (47%), antibiotics were not indicated according to the guidelines. Antibiotics were indicated in 14% of the episodes and could be considered (i.e. preferencesensitive situations) in 39% of the episodes. In preference-sensitive situations, GPs prescribed antibiotics in 45% of the cases. In episodes with an indication for antibiotics and in episodes with no indication for antibiotics, prescription rates (percentages of episodes with a prescription for antibiotics) were 72% and 22%, respectively. One thousand, one hundred and ninety-nine respondents (80% of all respondents) had at least seven valid answers on the SDM-Q-9. Their scores were used to calculate average SDM scores at the practice level (34 to 191 respondents per general practice). A multilevel regression analysis revealed that individual scores clustered significantly within practices (P , 0.01) and that SDM scores were not significantly associated with the patient's gender and age. This validates the calculation of SDM at the practice level. Average SDM scores ranged from 56 to 75 between practices (median: 65, possible range: 0-100 with higher scores referring to higher levels of SDM).
Relationship between SDM and prescribing of antibiotics Preference-sensitive situations
The upper part of Table 3 shows that for episodes for which antibiotics could be considered (i.e. in preference-sensitive situations), SDM at the practice level was significantly associated with GP antibiotic prescriptions in patients under 40 years old (OR , 1, P , 0.01). Also the interactions between SDM at the practice level and age groups were significant (OR . 1, P , 0.05), indicating that the relationship between SDM and prescribing of antibiotics was significant only in patients under 40 years old. Altogether, this means that in preference-sensitive situations with patients under the age of 40 years, GPs prescribed fewer antibiotics in practices with higher levels of SDM. Every one-point increase in practice-level SDM score corresponds to a decrease of 10% in the probability that the GP prescribes antibiotics in such situations (OR 0.9). This applies equally to male and female patients (interaction SDM-gender: P . 0.05). For patients over the age of 40 years, no such relationship was found.
Other situations
In cases where clinical guidelines give clear recommendations (episodes for which antibiotics are indicated or not), no significant relationship between SDM and prescribing of antibiotics was found (Table 3 ). The interaction terms between SDM, age and gender were not significant either.
Discussion
This study aimed to give insight into the relationship between SDM and the prescription of antibiotics by GPs, as well as to determine van Esch et al.
whether this relationship varies with patient characteristics. Our findings showed that for adult patients under 40 years of age, GPs prescribe fewer antibiotics in preference-sensitive situations in practices where more SDM takes place. Considering the effect size (OR 0.9), the average prescription rate (45%) and the variation of SDM scores at the practice level (56-75), improving SDM in practices with lower levels of SDM could considerably reduce antibiotic prescribing in preference-sensitive situations, at least in younger patients. This is partly in line with an earlier Cochrane review showing that SDM-promoting interventions reduce antibiotic prescribing 7 and supports the idea that SDM can be a framework to enhance the appropriate use of antibiotics and thus to control the resistance to antibiotics. 19 However, we found the relationship between SDM and prescribing of antibiotics only in preferencesensitive situations. This is in agreement with the conclusion from van der Weijden et al. 30 that in preference-sensitive situations (or conditional recommendations) deliberation is required. The absence of the relationship in other situations contradicts previous studies in which the effect of SDM-promoting interventions was investigated. 7 Possibly, the natural variation in SDM we studied is smaller than the short-term increase caused by interventions, explaining the limited effect of SDM on antibiotic prescribing we found.
We found a difference between patients under the age of 40 years and over the age of 40 years: only for patients under the age of 40 years did higher SDM at the practice level correspond to lower antibiotic prescribing in preference-sensitive situations. Presumably, in these situations GPs talk with their (younger) patients about the possible benefits and harm of antibiotics, and subsequently decide together not to prescribe antibiotics. The difference between younger and older patients might be related to differences in the extent to which SDM takes place in consultations with younger and older patients, in practices with a high average level of SDM. The extent of SDM might differ between younger and older patients as a result of different patient preferences, as younger patients in general are known to prefer to be more involved in decision-making than older patients. 12 The extent of SDM might also differ between younger and older patients because of the GP's behaviour: qualitative research among Dutch GPs showed that patient age is an important characteristic regarding the extent to which GPs involve patients in their decision to prescribe antibiotics. According to the interviewed GPs, elderly patients prefer, and are able, to share decisions with their GP to a lesser extent and more often expect antibiotics than younger patients. 31 Additionally, there can be clinical reasons for more antibiotic prescriptions for older patients. Although we accounted for all known comorbidity, we might not have covered all relevant factors. Possibly, the proportion of patients with relevant comorbidity that is not covered in our analyses is higher among older patients than among younger patients. This could be a reason for the lack of relationship between SDM and antibiotic prescribing in older patients.
The above-mentioned reasons mostly seem valid for patients aged over 65 years. It remains unclear why no relationship between SDM and antibiotic prescribing is found in the group of patients aged 40-64 years either. Further research is needed to clarify this and to investigate how antibiotic prescribing can be reduced in this group too.
Earlier research found that patients who ask their GP for antibiotics in preference-sensitive situations more often receive a prescription than patients who do not ask for antibiotics. Our study shows that SDM might reduce antibiotic prescription rates in preference-sensitive situations. Based on both studies, it can be argued that in the case that patients ask for antibiotics in preference-sensitive situations, GPs can use an SDM approach to avoid unnecessary prescription of antibiotics. One suggested possibility to further foster SDM between physicians and patients is the adaption of clinical practice guidelines (CPGs), as suggested by van der Weijden et al. 32 They believe that 'CPGs can be adapted to increase the chance of patients becoming involved in medical decision-making, for example, by clarifying that options exist and that individual healthcare providers and patients need to consider the risks and benefits carefully in relation to patient preferences'. Based on their qualitative study, the authors give several strategies for adapting CPGs for SDM. Examples of such strategies include a chapter about SDM in the CPG, i.e. a chapter to alert physicians to the importance of patient involvement and providing patient support tools linked to or within the CPG. Other possible suggestions to foster SDM are training physicians, empowering increased consultation duration. 33 Further research has to examine whether such strategies indeed might help to promote SDM and, as a result, reduce antibiotic prescribing.
Strengths and limitations
In this study, we combined data about the extent to which SDM is applied at the practice level (based on questionnaire data from the Nivel Consumer Panel) with antibiotic prescriptions at the patient level (based on electronic health record data provided through Nivel-PCD). Using Nivel-PCD, we were able to estimate the indication for antibiotics at the patient level for a large number of patients. As such, we were able to assess the relationship between SDM and the prescription of antibiotics by GPs for different indications (antibiotics could be considered, antibiotics were indicated and antibiotics were not indicated). A strength of our study is that we took into account the nested structure of our data, i.e. patients nested in GP practices, by performing a multilevel analysis. In this study it was not possible to distinguish prescription behaviour of individual GPs within a practice. However, previous research showed that Dutch GPs working in the same practice show more similarity in their attitudes and behaviour than GPs not working in the same practice. 34 Therefore, we do not expect this to strongly affect our conclusions.
A possible limitation is that some of the recorded contacts with the GP might actually have been contacts with the doctor's assistant. This is especially expected to be the case for urinary tract infections, as those infections can be managed without an actual encounter between GP and patient. We were not able to distinguish between contacts with the GP and with the doctor's assistant. Despite the known similarity in attitudes among GPs from the same practice, 34 we do not know whether SDM at the practice level can be applied to contacts with the doctor's assistant.
Another limitation is that 'serious illness' and 'prolonged or recurring fever', two factors that according to guidelines 26 increase the indication for antibiotics for patients with acute rhinosinusitis, are not registered in Nivel-PCD. As a result, in a proportion of the Antibiotic prescribing and shared decision-making JAC acute rhinosinusitis episodes that have been designated as preference-sensitive, antibiotics will still have been indicated. However, re-analyses of our data excluding all acute rhinosinusitis episodes yielded very similar results.
In the Consumer Panel, we assessed SDM using a validated questionnaire, i.e. the SDM-Q-9. Contrary to what was found in previous studies using other instruments for measuring SDM, 10, 12, 13 we did not find a significant association between SDM and age or gender. Perhaps this is related to the SDM-Q-9 instrument we used, as a Spanish study using the same instrument did not show significant differences between patients with different age or gender either. 35 However, we did find significant variation between practices, so it seems more likely that no significant associations with age or gender were found because differences between general practices were larger.
Due to the limited number of respondents, we estimated average SDM scores per practice. These scores were based on general judgements about SDM, rather than measurements of the level of SDM for specific patients in specific consultations. Ideally, individual SDM scores of relevant consultations should be linked to information about antibiotic prescriptions during those same consultations. Unfortunately, that was not possible because of the limited overlap between patients who responded to the questionnaire and patients who visited their GP with relevant illnesses.
We examined whether the relationship between SDM and antibiotic prescriptions differed between patients with different age and gender. This was done because previous studies showed that age and gender are significantly related to SDM. 12, 13 However, in our questionnaire data no significant association between SDM and age and gender was found. SDM is known to be related to educational level: more highly educated people generally prefer a more active role than lower-educated people.
12, 13 We were not able to include educational level in our analyses because these data were not available.
Finally, this study was conducted in the Netherlands, a country with relatively low antibiotic prescription rates. 3, 4 It is unknown to what extent our results can be extrapolated to other countries with higher antibiotic prescription rates.
Conclusions
Our results show that for adult patients under the age of 40 years in preference-sensitive situations, GPs prescribe fewer antibiotics in practices where more SDM takes place. These results suggest that SDM can be a framework to reduce antibiotic prescribing and thus to control antibiotic resistance.
